The vertebrate Otx gene family is related to otd, a gene contributing to head development in Drosophila. In Xenopus, Xotx1, Xotx2, and 
Introduction

Two major and distinct classes of homeobox-containing genes have been shown to exert key developmental functions throughout the Metazoa: the HOX genes, which are related to the Drosophila antennapedia gene, and those related to the Drosophila gene paired. A new family of paired-class homeobox genes related to the Drosophila orthodenticle gene has been described (reviewed in
 Finkelstein & Boncinelli 1994; Boncinelli & Mallamaci 1995) 
. As for the Drosophila gene, the expression pattern of this gene family is strictly related to the development of anterior head structures.
Among the family members, the most conserved genes in vertebrates are Otx1 and Otx2 (Simeone et al. 1993; Bally-Cuif & Wassef. 1994; Li et al. 1994; Pannese et al. 1995; Kablar et al. 1996) . Mouse knockout experiments have recently confirmed the hypothesis that these genes are possibly involved in anterior brain patterning as Otx2 -/-mice lack forebrain and midbrain regions (Acampora et al. 1995; Matsuo et al. 1995; Ang et al. 1996) , while Otx1 -/-mice show several brain abnormalities (Acampora et al. 1996; Suda et al. 1996) . After two distinct genes (Otx1 and Otx2) were first characterized in the mouse, a few homologs have been described in zebrafish (Zotx1, Zotx2, and Zotx3; Li et al. 1994; Mori et al. 1994), in chicken (Cotx2; Bally-Cuif et al. 1995) and in Xenopus (Xotx1, Xotx2, and Xotx4; Pannese et al. 1995; Kablar et al. 1996) (Asashima et al. 1990; Ariizumi et al. 1991a,b) . In addition, cells dissociated from animal caps have several prospective cell fates dependent on distinct activin A concentration thresholds (Green et al. 1994) ; for example, a concentration of 1 ng/mL activin A induced only notochord development (Kuroda et al. 1999) . In the present study, Xotx5 was cloned using reaggregates made from 1 ng/mL treated animal cap dissociated cells and the degenerated oligonucleotide reverse transcription-polymerase chain reaction (RT-PCR) method. Nieuwkoop and Faber (1967 
Materials and Methods
Embryos and activin
Cell dissociation and reaggregation
The cell dissociation and reaggregation method was performed as described by Kuroda et al. (1999 
Whole-mount in situ hybridization
Whole-mount in situ hybridization was performed on staged alvino embryos as described by Harland (1991) . We used Xotx2 plasmid T7TSMC19/1 (Pannese et al. 1995) .
RT-PCR
The oligos used for PCR amplification were as follows: Xotx5 primers 5Ј- 
Histological examination Reaggregates were fixed with Bouin's fluid for 3 h, dehydrated with ethanol, embedded in paraffin wax, sectioned at 6 µm and stained with hematoxylin and eosin (HE).
Embryo microinjections
Capped synthetic RNA was generated using in vitro transcription of full coding sequences of Xotx5 and Xotx2. We used Xotx2 plasmid T7TSMC19/1 (Pannese et al. 1995) . All RNA was resuspended in 88 mM NaCl, 5 mM Tris pH 7.5 and injected into a single cell of 1-cell embryos or two blastomeres of 8-cell embryos. Injected amounts ranged between 0.2 and 1.6 ng. This quantity is not toxic (Rebagliati & Melton 1987) . Injected embryos were allowed to develop until uninjected control embryos reached stage 9 for cutting animal caps or stages 36-38 for observing mRNA overexpression embryos.
Results
Cloning and sequencing
Using the degenerate PCR method, four novel homeobox genes were amplified ( 
Xotx5 expression in normal embryos
Reverse transcription-polymerase chain reaction analysis (Fig. 2) (Panesse et al. 1995; Fig. 3A) , Xotx2 was slightly localized at the lateral side (Fig. 3A) , but Xotx5 was more localized at the center of the Xotx2 expressed regions (Fig. 3B) . Xotx5 expression was confined to the cement gland-forming region (Fig. 3C,D (Friedman et al. 1988) or the engrailed repressor domain (Han & Manley 1993) 
. Embryos injected with the fusion constructs did not display strange phenotypes (data not shown).
Upstream and downstream of Xotx5
Xotx2 is able to activate the cement gland markers XCG and XAG (Gammill & Sive 1997) . Therefore, examination of whether Xotx5 also induced cement gland formation in isolated ectoderm was also undertaken. Fourth otx family gene in X. laevis Otx1 and Otx2 (Simeone et al. 1993; Bally-Cuif & Wassef. 1994; Li et al. 1994; Pannese et al. 1995;  Kablar et al. 1996) were first isolated as orthodenticle family genes in vertebrates. After two distinct genes (Otx1 and Otx2) were first characterized in the mouse, a few homologs have been described in zebrafish (Zotx1, Zotx2, and Zotx3; Li et al. 1994; Mori et al. 1994), in chicken (Cotx2; Bally-Cuif et al. 1995) and in Xenopus (Xotx1, Xotx2, and Xotx4; Pannese et al. 1995; Kablar et al. 1996) (Acampora et al. 1995; Matsuo et al. 1995; Ang et al. 1996) , while Otx1 -/-mice show several brain abnormalities (Acampora et al. 1996) . In Xenopus, Xotx1 overexpression inhibits tail organizer activity, while Xotx2 overexpression is able to turn a tail organizer into a head organizer (Andreazzoli et al. 1997 (Fig. 4B) . Xotx2 can activate XCG and XAG to form the cement gland (Gammill & Sive 1997) . In the present study Xotx5 was also able to activate XAG and XCG (Fig. 5A) Fig. 4C; Table 2 ). Although these secondary axes of Xotx5-injected embryos were not as complete as Xwnt8-injected embryos (Steinbeisser et al. 1993) , Xotx5 was able to induce partial secondary axes. Xotx1 and Xotx2 were also able to induce partial secondary axes (Table 2 ; Andreazzoli et al. 1997) 
